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SPECIFICATION 

1 . Title of the Invention 

METHOD OF MANUFACTURING THIN FILM SEMICONDUCTOR DEVICE 

2. Claim 

(1) A method of manufacturing a thin film semiconductor 
device, said method comprising the steps of: 

depositing a semiconductor thin film over a substrate made 
of an insulating material; 

annealing the semiconductor thin film at a temperature 
lower than a melting point thereof; and 

melting and recrystallizing the semiconductor thin film 
by annealing. 



1 



(2) A method of manufacturing a thin film semiconductor 
device as claimed in claim 1, wherein the semiconductor thin 
film includes amorphous silicon hydride or amorphous silicon 
fluoride. 

3 . Detailed Description of the Invention 

The present invention relates to a method of manufacturing 
a thin film semiconductor device by which recrystallization is 
improved when a semiconductor thin film deposited on a substrate 
made of an insulating material is subjected to beam annealing, 
thereby being recrystallized. 

In the case where a semiconductor thin film deposited on 
an insulating substrate, for example, an amorphous silicon 
hydride film (a-Si: H) is annealed by a beam with the use of 
a conventional apparatus of this kind, it is crystallized by 
one annealing process. Therefore, the conventional apparatus 
has the following drawback: the escaping of a hydrogen gas from 
the a-Si: H and the recrystallization thereof occur at the same 
time and hence the crystallization of the recrystallized 
semiconductor thin film is not good, whereby the film is not 
made dense. 

The present invention has been made for the purpose of 
overcoming the drawback described above. It is the object of 
the present invention to provide a method of annealing a 
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semiconductor thin film, for example, an a-Si: H film formed 
on an insulating substrate , at a temperature lower than a melting 
point thereof to remove a hydrogen gas and then of melting and 
recrystallizing the a-Si: H film by a beam annealing to improve 
crystallization. 

One example of the method of manufacturing a thin film 
semiconductor device in accordance with the present invention 
will be described below in detail with reference to the drawings . 

FIG. 1 is an illustration of a process for depositing a 
semiconductor thin film 2 on an insulating substrate 1. As the 
insulating substrate 1, a quartz substrate or a glass substrate 
having a thickness of about 1 mm to about 3 mm is used. As the 
semiconductor thin film 2, an amorphous silicon hydride film 
or an amorphous silicon fluoride is thought to be used. Here, 
a method of depositing the a-Si: H will be described which is 
most widely used at present. The a-Si: H is uniformly formed 
at a growth temperature of room temperature to about 400°C by 
a plasma CVD method. A silane gas (SiH 4 ) or a disilane gas (SiH € ) 
is used as a raw material gas. 

FIG. 2 is an illustration of a process for annealing the 
semiconductor thin film 2 including gas such as a hydrogen gas 
or a fluorine gas shown in FIG. 1 at a temperature lower than 
a melting point thereof to form a semiconductor thin film 3 not 
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including the gas. The annealing process is performed by the 
use of a beam such as a laser, a lamp, an electron beam, which 
is called a beam annealing, a furnace, or a heater. For example, 
it is known that the hydrogen gas in the a-Si: H can be removed 
at a temperature between about 500°C and about 600°C and any 
annealing method may be used if the method increases the 
temperature to that value. Further, it is desirable that the 
atmosphere is vacuum or an inert gas . 

FIG. 3 is an illustration of a process for melting and 
recrystallizing the semiconductor thin film 3 not including the 
gas shown in FIG. 2 by annealing to form a crystallized 
semiconductor thin film 3 . The same method as the process shown 
in FIG. 2 is thought as be the method of annealing, but a beam 
annealing using a laser or an electron beam is effective for 
annealing the semiconductor thin film 4 to a temperature over 
the melting point thereof without heating the insulating 
substrate 1 . 

FIG. 4 is an illustration of a TFT which is formed by 
patterning the semiconductor thin film 4 ( for example, silicon) 
crystallized after annealing by a photolithography technology. 
The drain electrode 7 and the source electrode 8 of the TFT shown 
as an example are formed by depositing an alloy of aluminum and 
silicon (Al-Si) on both sides of the crystallized semiconductor 



4 



thin film 4 by a sputtering method. Then, an insulating film 
5 (for example, Si0 2 ) is formed at the center of the crystallized 
semiconductor film 4 by the plasma CVD method. In this case, 
a silane gas (SiH 4 ) or a nitrous suboxide (N 2 0) gas is used as 
the raw material gas of the insulating film 5. Further, a gate 
electrode 6 is formed on the insulating film 5 as is the case 
with the drain electrode 7 and the source electrode 8. Here, 
a method of forming one TFT has been described but a plurality 
of TFTs may be on the substrate. 

According to the present invention, as described above, 
the annealing for removing the amorphous silicon gas including 
the hydrogen gas or the fluorine gas is performed and then the 
annealing for recrystallization is performed, and hence the 
following merits are produced: 

(1) the crystallization of the crystallized semiconductor 
thin film can be improved; and 

(2) the crystallized semiconductor thin film can be made 
dense and the electrical property of the TFT can be improved. 
4 . Brief Description of the Drawings 

FIG. 1 to FIG. 3 are illustrations showing the order of 
the process of the method in accordance with the present 
invention. FIG. 4 is a cross-sectional view of a TFT produced 
by the method in accordance with the present invention. 
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1-insulating substrate, 2 -semiconductor thin film including 
hydrogen or fluorine, 3 -semiconductor thin film not including 
hydrogen nor fluorine, 4-recrystallized semiconductor thin 
film, 5-insulating film, 6-gate electrode, 7-drain electrode, 
8-source electrode. 
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ABSTRACT : PURPOSE: To improve crystallization characteristic by melting and recrystallizing a 
semiconductor thin film by annealing after annealing said thin film on an insulated 
substrate at a temperature lower than the melting point. 

CONSTITUTION: A semiconductor thin film 2 containing gas such as hydrogen or fluorine 
is annealed at a temperature lower than the melting point in order to form a semiconductor 
thin film 3 not containing gas. Any annealing method among the beam annealing using 
laser, lamp and electron beam or those using heating furnace or heater can be employed 
so long as a temperature can be increased up to the necessary degree. The desirable 
ambient is the vacuum condition or inactive gas. Next, a semiconductor thin film 3 not 
containing gas is fused by annealing and is recrystallized to form a recrystallized 
semiconductor thin film 4. For the annealing of semiconductor thin film 4 up to the 
temperature exceeding the melting point without heating an insulated substrate 1 , the 
beam annealing using laser and electron beam is effective. 
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